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(57) ABSTRACT

A substrate of SOl type is covered by an etching mask defin-
ing three distinct semiconductor patterns. A lateral spacer is
formed around the three patterns and performs the connection
between two adjacent patterns. The buried insulating layer is
eliminated so as to define a cavity which suspends a part of a
first pattern. The first etching mask is eliminated. A gate
dielectric is formed on two opposite main surfaces of the first
pattern. The resist is deposited in the cavity and on the first
pattern and is then exposed to form two patterns defining the
bottom and top gates. An electrically conducting material is
deposited in the cavity and on the first pattern so as to form the
bottom gate and the top gate on each side of the first semi-
conductor material pattern.
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1
PROCESS FOR PRODUCING A
DOUBLE-GATE FIELD-EFFECT DEVICE
HAVING INDEPENDENT GATES

BACKGROUND OF THE INVENTION

The invention relates to a method for producing a double-
gate field-effect device.

STATE OF THE ART

The ever-continuing upgrade of the performances of inte-
grated circuits, for example in terms of consumption and/or
operating frequency, is ineluctably resulting in a constant
reduction of the size of its components. In order to produce
devices with continually improved performances, new archi-
tectures and/or new materials have been integrated in the
transistors.

Double-gate transistors present numerous advantages
compared with transistors called “planar transistors” which
only use a single gate. Double-gate transistors enable a better
electrostatic control, which makes them better candidates for
producing integrated circuits having a gate width of less than
32 nm. However, production of a double-gate transistor is
more complicated and leads to additional production con-
straints.

In obvious manner, a production method has to enable
achievement of a strict alignment of the top and bottom gates.
Indeed, if these gates are misaligned or dissymmetric, para-
sitic capacitances then exist which make the device unsuit-
able for industrial use. With regard to the dimensions of the
gates and the available techniques, alignment of the top and
bottom gates can only be achieved, in industrial manner, by
self-alignment of these two gates. Although formation of the
top gate can be achieved simply by conventional techniques,
formation of the bottom gate, located under the channel of the
device, encounters difficulty of access and requires complex
integration methods.

A non-negligible constraint also exists on the indepen-
dence of the gate electrodes. If the gates are formed simulta-
neously or independently, the production method must be
able to form electrically coupled gates or independent gates.

OBIJECT OF THE INVENTION

The object of the invention is to produce a double-gate
field-effect device which is easier to achieve and which is
compatible with production of independent gates.

The method according to the invention is characterized in
that it successively comprises:

providing a substrate successively provided with a support,

a layer made from a first material, a layer made from
semiconductor material and an etching mask, the semi-
conductor material layer and the etching mask defining
distinct first, second and third patterns,

forming a lateral spacer surrounding each of the three

patterns, the lateral spacer making the connection
between the first and third patterns,

eliminating the layer of first material so as to suspend at

least a part of the first pattern and to define a cavity
having an access opening between the first and second
patterns,

eliminating the first etching mask,

forming a gate dielectric on two opposite main surfaces of

the first pattern made from semiconductor material,
depositing a resist in the cavity and on the pattern made
from semiconductor material,
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2

forming, in the resin, a first hole inside the cavity to define
a future bottom gate and a second hole defining a future
top gate on the first pattern, the resist leaving the access
opening to the cavity situated between the first and sec-
ond patterns free,

forming an electrically conducting material in the cavity
and on the first pattern made from semiconductor mate-
rial so as to form the bottom gate and the top gate on each
side of the first pattern made from semiconductor mate-
rial.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages and features will become more clearly
apparent from the following description of particular embodi-
ments of the invention given for non-restrictive example pur-
poses only and represented in the appended drawings, in
which:

FIGS. 1 to 12 represent, in schematic manner, successive
steps of the production method of a double-gate field-effect
transistor, in top view and in cross-section.

DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

As illustrated in FIG. 1, the method for producing a field-
effect device comprises a first step of providing a substrate 1
one side of which is covered by an etching mask 2 so as to
define at least one pattern representative of the part covered
by the mask and a pattern representative of the part left
uncovered.

As illustrated in FIG. 2, substrate 1 successively comprises
a support 3, a layer 4 made from a first material and a layer 5
made from semiconductor material. The first material of layer
4 is chosen such as to present an etching selectivity with the
semiconductor material forming layer 5 and support 3. In
advantageous manner, the first material of layer 4 is electri-
cally insulating. Substrate 1 has a main surface covered by
first etching mask 2 so that semiconductor material layer 5
separates first etching mask 2 and layer 4.

In advantageous manner, layer 5 is monocrystalline in
order to form a field-effect transistor which has good perfor-
mances and is reproducible. Etching mask 2 can be made
from any suitable material, advantageously by means of any
material which presents an etching selectivity with respect to
the semiconductor material. The material forming etching
mask 2 can be a silicon oxide, a silicon nitride, or a silicon-
germanium alloy. In an alternative embodiment, etching
mask 2 can be formed by a sacrificial part of layer 5.

Inaparticular embodiment, substrate 1 is of semiconductor
on insulator type. Substrate 1 successively comprises a sup-
port 3, an electrically insulating layer 4 and a semiconductor
material layer 5 covered by first etching mask 2. Electrically
insulating layer 4 can be formed by a single material or by a
stack of several layers of different materials. For example,
layer 4 can be formed by a silicon oxide, a silicon nitride or a
stack of ONO type, ONO standing for silicon Oxide/Nitride/
Oxide. For example, support 3 is formed by a monocrystalline
silicon layer.

Firstetching mask 2 defines three distinct patterns 6, 7, and
8 at the surface of substrate 1. In a particular embodiment,
first pattern 6 separates second pattern 7 and third pattern 8.
These three patterns are aligned, i.e. an axis XX' passes
through the three patterns.

First pattern 6 defines the active area on which the field-
effect transistor will be formed in semiconductor material
layer 5. Second pattern 7 and third pattern 8 are two patterns
distinct from first pattern 6.
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As indicated in the foregoing, first etching mask 2 defines
two complementary designs, a first design which corresponds
to what is covered by first etching mask 2 and a complemen-
tary second design which corresponds to what is left uncov-
ered by first etching mask 2.

In a particular embodiment, first etching mask 2 is formed
by a resin. In another embodiment, first mask 2 is made in a
sacrificial layer 9 which is etched by means of an intermediate
mask 10. Intermediate mask 10 is formed for example in a
resistand sacrificial layer 9 is chosen from a stronger material
for the remainder of the method.

For example, sacrificial layer 9 is formed from a material
which can be selectively etched with respect to semiconduc-
tor material layer 5 and if applicable with respect to other
materials present on or in substrate 1. Sacrificial layer 9 canbe
formed by an electrically conducting or electrically insulating
material. For example, sacrificial layer 9 is made from silicon
oxide, silicon nitride or a silicon-germanium alloy advanta-
geously in multicrystalline form.

As illustrated in FIG. 3, once sacrificial layer 9 has been
etched with respect to intermediate mask 10, sacrificial layer
9 forms first mask 2. First etching mask 2 can be of any
thickness provided that it enables the different patterns
required in layer 5 and in layer 4 to be defined before being
eliminated. First etching mask 2 preferably has a thickness of
about a few hundred nanometres. Once layer 5 has been
etched, the designs defined in first etching mask 2 are identi-
cal or substantially identical to the designs defined in layer 5.

In other words, semiconductor material layer 5 is etched
with respect to first mask 2 so as to define a substantially
similar design to that of first mask 2, at the surface of electri-
cally insulating layer 4. In this way, first pattern 6, second
pattern 7 and third pattern 8 are defined in semiconductor
material layer 5.

In another example case, substrate 1 is directly provided
with the different layers, i.e. successively comprises support
3, first material layer 4, semiconductor material layer 5 and
etching mask 2. Semiconductor material layer 5 and etching
mask 2 define the three distinct patterns 6, 7, 8.

Asillustrated in FIGS. 4 and 5, alateral spacer 11 is formed
around first pattern 6, second pattern 7 and third pattern 8 on
electrically insulating layer 4.

A part of the space between first pattern 6 and third pattern
8 is filled by the material forming spacer 11. The space
between first pattern 6 and second pattern 7 comprises an area
that is not filled by the material forming lateral spacer 11. In
other words, lateral spacer 11 performs the connection
between first pattern 6 and third pattern 8.

In an advantageous embodiment, spacer 11 does not make
a connection between first pattern 6 and second pattern 7.

By means of a judicious choice in the dimensions separat-
ing the first pattern from the second pattern and the first
pattern from the third pattern, the two spaces between the first
pattern and the two adjacent patterns are in opposite states
(i.e. uncovered or covered). This specificity subsequently
enables an asymetric work to define and access the future top
and bottom gate electrodes.

According to the dimensions of the devices and to the
distance separating the devices, it may be advantageous to
provide an etch stop pattern which crosses first material layer
4. For example, electric insulation patterns can surround the
future field-effect transistors and these insulation patterns can
be made from or contain a material that is insensitive or more
resistant to an etching agent of the material forming layer 4. It
is also possible to define the area to be etched by implanting
aparticular species which will enable the implanted layer 4 to
be more easily etched. In another embodiment, using a pho-
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tography of opposite polarity, the implanted species enables
the material of layer 4 to be made insensitive or less sensitive
to the etching agent.

Spacer 11 can be formed by any suitable technique, for
example by means of deposition of a material which covers
the whole of the surface. This material is then etched in
anisotropic manner by means of a new etching mask so as to
define a lateral spacer 11 around the different patterns 6, 7 and
8, the lateral spacer making the connection between first
pattern 6 and third pattern 8. The use of an additional etching
mask no longer enables a self-aligned process to be obtained.

In a particularly advantageous embodiment, the minimum
distance separating first pattern 6 and third pattern 8 is less
than twice the width of lateral spacer 11. In this way, lateral
spacer 11 formed around third pattern 8 comes into contact
with lateral spacer 11 formed around first pattern 6.

In advantageous manner, lateral spacer 11 is formed by
means of conformal deposition of a first material followed by
anisotropic etching directed essentially in perpendicular
manner to the main surface of the substrate of this first mate-
rial (direction of the arrows in FIG. 5). This embodiment is
particularly advantageous as the material which fills the space
between the first pattern and the third pattern is self-aligned.
The connection between patterns 6 and 8 is defined solely by
means of the distance between the two patterns and the thick-
ness of the spacers, which is easy to implement. This embodi-
ment avoids having to use an additional etching mask to form
a spacer which passes round the different patterns. However,
it may be necessary to use an additional mask to eliminate the
connection between first pattern 6 and second pattern 7. In
other words, if the space between first pattern 6 and second
pattern 7 is filled, an additional step of photolithography
associated with etching is performed to access electrically
insulating layer 4.

In advantageous manner, the minimum distance between
first pattern 6 and second pattern 7 defined by first etching
mask 2 is more than twice the width of lateral spacer 11. There
is therefore no connection between first pattern 6 and second
pattern 7 after the anisotropic etching step and it is not nec-
essary to use an additional etching mask.

In a particular embodiment, lateral spacer 11 is formed by
two successive materials which have been deposited and then
etched. There is then deposition and then anisotropic etching
of a first spacer material to form a first spacer and then
deposition and anisotropic etching of a second spacer mate-
rial to finalise the dimensions of lateral spacer 11. The use of
two successively structured spacer materials makes for a
greater flexibility in the choice of the deposition and etching
conditions to form a lateral spacer which fills the space
between first pattern 6 and third pattern 8.

The use of a lateral spacer 11 formed by two successively
deposited and etched materials enables a height difference to
be imposed between the connection existing between first
pattern 6 and third pattern 8 and the part of lateral spacer 11
which is arranged between first pattern 6 and second pattern
7.

Formation of a lateral spacer without using an additional
etching mask can be achieved by any suitable technique. For
example, if lateral spacer 11 is made from silicon nitride,
etching of the silicon nitride can be performed by CH;F—
base ion etching.

In the particular embodiment illustrated in FIG. 4, third
pattern 8 presents a variable dimension along the axis XX' so
as to define a connection surface with the first pattern which
is smaller than the facing surface between the two patterns 6
and 8. The same can be the case for first pattern 6. In this
example case, there is a part of the two patterns which is



US 9,236,262 B2

5

connected and a part which is devoid of connection. This
particular shape facilitates formation of the future contact.

As illustrated in FIG. 6, layer 4 is partially etched so as to
suspend at least a part of first pattern 6 and to define a cavity.
Layer 4 is eliminated so as to suspend the future channel of
the transistor. The bottom gate of the transistor will be formed
in the cavity.

The etching is configured so that the part of the active area
forming the channel remains suspended above the support.
This configuration can be obtained in different manners, for
example by means of lateral mechanical connections formed
by lateral spacers 11 and possibly of the ends of pattern 6
formed in semiconductor material layer 5 which are still
supported by layer 4.

Layer 4 is etched by any suitable technique. If layer 4 is
formed by a silicon oxide, layer 4 can be etched by wet
process by means of a hydrofluoric acid solution, by gaseous
means with hydrofluoric acid in vapor phase or by a selective
plasma comprising a CF,/CF, mixture.

In an alternative embodiment, it is possible to deposit a
layer, on first pattern 6, which acts as protection mask 12 and
which covers and supports on layer 4. Protection mask 12
prevents the etching agent from coming into contact with
layer 4 or from eliminating the whole of layer 4. For example,
securing of the suspended active area is performed by means
of'a protection mask 12 formed by a resist or another material
which can subsequently be selectively eliminated.

In a particular embodiment, the empty space which exists
between first pattern 6 and second pattern 7 acts as sole
aperture for input of an etching agent and/or output of the
decomposition sub-product of the material forming layer 4.

In advantageous manner as illustrated in FIGS. 6 and 7, a
protection mask 12 is formed on substrate 1 so as to cover the
main surface of substrate 1 and to leave a part of the space
between first pattern 6 and second pattern 7 free to form a
single access area to layer 4 of first material located facing
first pattern 6. In a particularly advantageous embodiment,
protection mask 12 defines the design of the area to be elimi-
nated in layer 4. The design of mask 12 is used to define two
different materials in layer 4 in order to facilitate selective
etching between a new material and the material initially
forming layer 4.

For example, protection mask 12 is used in an ion implan-
tation step which modifies the material forming layer 4. This
modified material is preferably etched with respect to the
material initially forming layer 4 which enables the design of
the future void area in layer 4 to be precisely defined.

Protection mask 12 is then eliminated.

First etching mask 2 is eliminated so as to free the top
surface of first pattern 6 and advantageously the top surface of
all the semiconductor material patterns originating from layer
5. Etching of mask 12 and of mask 2 can be performed by any
suitable technique. After elimination of etching mask 2, lat-
eral spacer 11 is salient above semiconductor material pat-
terns 6, 7 and 8. In advantageous manner, etching mask 2 is
eliminated in this step in order to facilitate extension of lateral
spacer 11 above the semiconductor material pattern. In an
alternative embodiment, etching mask 2 can be eliminated
earlier in the method. It can also be envisaged to etch a part of
layer 5 to make lateral spacer 11 salient.

An electrically insulating material (not shown) is then
formed on the bottom surface and on the top surface of first
semiconductor material pattern 6. The electrically insulating
material is designed to form the gate dielectric of the future
field-effect transistor both for the top gate and for the bottom
gate. The gate dielectric is then formed, for example by oxi-
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dation of the semiconductor material originating from layer 5,
but it is also possible to deposit the future gate dielectric.

In advantageous manner, the gate dielectric is deposited, in
the cavity, on support 3 and on the side walls of the cavity
defined by layer 4. For example, deposition of the gate dielec-
tric can be performed by the CVD (Chemical Vapor Deposi-
tion) or ALD (Atomic Layer Deposition) techniques. Depo-
sition of the gate dielectric on all the surfaces of the cavity
enables the future bottom gate dielectric to be electrically
insulated.

In a particular embodiment, the material of the gate dielec-
tric is formed by oxidation of semiconductor material 5. This
embodiment is particularly advantageous when the semicon-
ductor material is made from silicon or silicon-base.

Elimination of first etching mask 2 associated with forma-
tion of the gate dielectric enables a volume to be delineated
the bottom of which is defined by the gate dielectric and the
lateral surfaces of which are defined by the lateral spacer.

As illustrated in FIG. 9, a resist 13 is then deposited on the
substrate. The deposition is configured so as to fill the cavity
formed in layer 4. Resist 13 is photosensitive or sensitive to
electronic radiation. It is also possible to fill the cavity and the
top of the substrate separately with different chemical com-
pounds which are advantageously sensitive to the same type
of radiation.

As illustrated in FIG. 10, exposure of resist 13 is performed
s0 as to define the designs of the bottom and top gate elec-
trodes. A first hole is formed in resist 13, inside the cavity, to
define a future bottom gate. A second hole is formed in resist
13, on first pattern 6, to define a future top gate. Resist 13
leaves a part of the space existing between first pattern 6 and
second pattern 7 free to access the hole representative of the
bottom gate.

In advantageous manner, the two gates are defined in the
same exposure step in order to have a self-alignment of the
bottom gate with the top gate.

In a particular embodiment, exposure of the resins 13
arranged in the cavity and above semiconductor material
layer 5 is performed by electronic radiation. It is also possible
to perform exposure of the two future gates with a radiation of
extreme UV type. The resist used can be of positive or nega-
tive polarity.

Resist 13 can be an HSQ resin, HSQ standing for Hydrogen
SilsesQuioxane. It is also possible to use a resist of Fill type
marketed by CEIMIG which is metal-based, for example with
palladium. Once resist 13 has been exposed, the latter is
developed in conventional manner to define the holes repre-
sentative of the top and bottom gates.

If resist 13 is a positive resist comprising at least one
metallic species, exposure of resist 13 forms the bottom and
top gates. The use of such a resin, for example of CEIMIG
type, enables the production method to be simplified as the
resist forms the electrically conducting gates directly. Expo-
sure of the resist at the same time achieves formation of the
gate electrode made from electrically conducting material.

A part of resist 13 is then eliminated which defines the top
and bottom gates, for example with holes representing the
future gates.

As illustrated in FIG. 11, development of resist 13 enables
the shape of the top gate and of the bottom gate to be defined.
At this time, it is possible to deposit the electrically conduct-
ing material forming the gate electrode. It is also possible to
eliminate the gate dielectric and to replace it by a new gate
dielectric.

In advantageous manner, resist 13 used is a negative resist
in order to directly define the shape of the gates with a hole but
it is also possible to use a positive resist in order to define the



US 9,236,262 B2

7

complementary shape of the gate and to then form the gate. It
is further possible to form the gate directly.

As illustrated in FIG. 12, an electrically conducting mate-
rial 14 is then deposited in the cavity and on first pattern 6 to
form the top gate and the bottom gate. The two gates are on
each side of first semiconductor material pattern 6. The elec-
trically conducting material is deposited in conformal manner
in order to fill the cavity and prevent the formation of a void
in the cavity as far as possible. The electrically conducting
material is delineated by the pattern defined in resist 13 or by
its complementary design depending on the polarity of resist
13 used.

In a preferred embodiment, the design of the gate extends
onto second pattern 7 and/or onto pattern 8. Extension in the
direction of third pattern 8 is performed on the part of lateral
spacer 11 which connects first pattern 6 to third pattern 8.
Extension in the direction of second pattern 7 is performed on
the void which exists between lateral spacer 11 surrounding
first pattern 6 and lateral spacer 11 surrounding third pattern
8.

This extension of the design of the gate onto one or both of
the adjacent patterns enables a part of the constraints on the
gate definition step to be relaxed. Indeed, if the gate design
extends onto second pattern 7, there is no risk of short-cir-
cuiting as the gate dielectric has been deposited. The same is
true if the gate design extends onto third pattern 8.

In a particularly advantageous embodiment, the gate
design can extend onto one of the two patterns or onto both
patterns in order to facilitate formation of the gate contact. In
the case of a field-effect transistor comprising two electrically
dissociated gate electrodes, it is advantageous to form the
contact of the bottom gate on second pattern 7 and the contact
of the top gate on third pattern 8.

In advantageous manner, once the cavity has been filled by
electrically conducting material 14, the latter is partially
etched so as to electrically dissociate the top gate electrode
and the bottom gate electrode. Lateral spacer 11 surrounding
first pattern 6 performs the electrical insulation between the
two gate electrodes. The bottom gate is then electrically insu-
lated from the top gate.

As illustrated in FIG. 12, partial etching of electrically
conducting material 14 enables the electric connection which
exists between the two gate electrodes to be eliminated. Par-
tial etching of electrically conducting material 14 enables two
electrically dissociated gate electrodes to be obtained. The
top gate electrode is separated from the bottom gate electrode
by lateral spacer 11. It is possible to simultaneously etch the
electrically conducting material forming the top gate and the
bottom gate. It is also possible to perform two different etch-
ings to delineate the thickness of the top gate and of the
contact of the bottom gate.

In advantageous manner, the material forming lateral
spacer 11 is electrically insulating. If the latter is electrically
conducting it is eliminated and then replaced by an electri-
cally insulating material. Lateral spacer 11 has to be insulat-
ing in order to avoid short-circuiting between the channel
made of semiconductor material channel and the gate elec-
trode. Replacement of the material forming the lateral spacer
can be performed in this step or later.

The rest of resist 13 is eliminated and the source and drain
electrodes are then formed by implantation in semiconductor
film 5 of first pattern 6 in conventional manner.
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The remainder of the field-effect transistor formation
method is conventional with contact connection advanta-
geously preceded by silicidation of the source, drain and gate
electrodes to reduce the access resistances.

Contact connection for the bottom gate is advantageously
performed in the space between first pattern 6 and second
pattern 7. Contact connection for the top gate is advanta-
geously performed on the opposite side of the second pattern,
i.e. in proximity to third pattern 8.

The invention claimed is:

1. A method for producing a double-gate ficld-effect device
comprising the following successive steps:

providing a substrate successively provided with a support,

a first layer made from a first material, a second layer
made from a semiconductor material and an etching
mask, the second layer and the etching mask defining
distinct first, second and third patterns on the first mate-
rial,

forming a lateral spacer surrounding each of the first, sec-

ond and third patterns, the lateral spacer making the
connection between the first and third patterns,
eliminating the first layer so as to suspend at least a part of
the first pattern and to define a cavity having an access
opening between the first and second patterns,
eliminating the first etching mask at least in the first, sec-
ond and third patterns,

forming a gate dielectric on two opposite main surfaces of

the first pattern made from the second layer,

depositing aresist in the cavity and on the first pattern made

from the second layer,

forming, in the resist, a first hole inside the cavity to define

a future bottom gate and a second hole defining a future
top gate on the first pattern,

forming an electrically conducting material in the cavity

and on the first pattern made from the second layer so as
to form the bottom gate and the top gate separated by the
first pattern made from the second layer.

2. The method according to claim 1, further comprising
partial etching of the electrically conducting material to elec-
trically insulate the bottom gate and the top gate.

3. The method according to claim 1, comprising conformal
deposition of a spacer material and anisotropic etching of the
spacer material to form the lateral spacer, a distance separat-
ing the first pattern and the third pattern being less than twice
a width of the lateral spacer.

4. The method according to claim 1, wherein the resist fills
the cavity and is arranged on the first pattern and an exposure
step is performed for simultaneously defining the bottom gate
and the top gate in the resist.

5. The method according to claim 1, further comprising
forming a protection mask leaving a part of a space between
the first pattern and the second pattern free to form a single
access area to the first layer facing the first pattern.

6. The method according to claim 1, wherein the resist is a
positive resist comprising at least one metallic species and
exposure of the resist forms the bottom and top gates in
exposed areas.

7. The method according to claim 1, wherein the resist is a
negative resin, the resist leaving an access opening to the
cavity situated between the first and second patterns free
when exposure of the resist is performed.
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